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(57) ABSTRACT 

An exemplary storage system for storing data from a host 
system and emulating a storage tape device is presented. In 
one example, the storage system includes a compression 
device con?gured to associate With a controller of a plurality 
of storage devices. The compression device is adapted to 
receive a sequence of data to be stored, divide the sequence 
of data into tWo or more blocks, and compress at least tWo 

of the tWo or more blocks in parallel. The system may 
further create an index associated With the blocks of data to 

output the data as a continuous stream of data. The com 

pression device may further include dual or multiple ports. 
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DATA STORAGE AND PROTECTION APPARATUS 
AND METHODS OF DATA STORAGE AND 

PROTECTION 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims bene?t of earlier 
?led provisional patent application, US. application Ser. 
No. 60/466,450, ?led on Apr. 28, 2003, and entitled 
“MULTI-PORT DATA PROTECTION APPARATUS AND 
METHODS OF DATA PROTECTION,” Which is hereby 
incorporated by reference as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to storage 
devices and methods for storing and retrieving computer 
data, and more particularly to systems and methods for use 
in emulated tape drive storage systems. 

[0004] 2. Description of the Related Art 

[0005] With the increasing popularity of Internet com 
merce and netWork centric computing, businesses and other 
entities are becoming more and more reliant on large 
amounts of information. Protecting critical data from loss 
due to systems failures, virus attacks, and the like is there 
fore of primary importance. 

[0006] Tape drives have long been a choice for storing 
archival back-up data in information systems. Historically, 
many such tape drives have used data compression to 
maximiZe the amount of data that can be stored on the tape. 
Tape, hoWever, is a relatively sloW and inefficient storage 
medium compared to hard drives or disks. Consequently 
emulated “tape” drives that use arrays of hard drives or disks 
have become more popular. For example, a hard drive may 
appear to a host computer or storage system as a storage tape 
device Where data is stored, organiZed, and retrieved as if the 
hard drive is a tape storage device. The actual data may be 
stored in any of a variety of fashions, but Will emulate or 
appear to the host processor and applications running that 
the data is stored on a physical tape storage device. For 
instance, the data Will be stored and retrieved as a long serial 
sequence of data from the storage system similar to that of 
a physical tape storage device. 

[0007] Emulated tape drive storage systems often rely on 
softWare-based data compression techniques to enable the 
storage of more data. Although, such compression tech 
niques may increase the capacity of the drives and assist in 
emulating a tape drive capacity, the softWare compression 
techniques generally decrease the performance or speed of 
the input/output (I/O) operations of the storage devices 
because of the delay caused to serially compress the data. 
Therefore, softWare compression techniques are generally 
utiliZed, or turned “on” only When emulating tape drives and 
turned “off” otherWise. 

[0008] Conventional storage systems that may emulate 
tape storage systems generally include high-speed servers 
having a Redundant Array of Independent Discs (RAID). 
Additionally, such systems may perform data protection 
features such as Error Correction Codes (ECC) or Cyclic 
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Redundancy Codes (CRCs) through softWare based solu 
tions. Such softWare-based systems generally reduce perfor 
mance and speed as Well. 

[0009] It is desired that emulated storage tape systems 
have compression comparable to tape drives in order to 
approximately double (on average) the storage capacity of 
the systems While also increasing their performance. It is 
further desired for inexpensive RAID (either ATA or SATA) 
systems to have higher reliability for use in storage tape 
systems. 

BRIEF SUMMARY OF THE INVENTION 

[0010] According to one aspect of the present invention an 
exemplary storage system for storing data from a host 
system and emulating a storage device is described. The 
storage system may include a compression device associated 
With a controller and at least one storage device Where the 
controller is adapted to receive a sequence of data, divide the 
sequence of data into tWo or more blocks of data, and 
compress at least tWo of the tWo or more blocks in parallel. 
The system may further create an index associated With the 
blocks of data to output the data as a continuous stream of 
data. The exemplary compression device may provide for 
?bre channel, Ethernet, iSCSI, and other host bus interfaces 
as Well as hardWare data compression, ECC, CRC, and data 
encryption. In one example, dedicated hardWare is included 
to perform parallel compression of the blocks, and recon 
?gurable hardWare is included to perform various data 
protection methods, such as error correction methods and 
the like. 

[0011] According to another aspect of the present inven 
tion an exemplary method for storing data and emulating a 
storage tape device is described. The method may include 
receiving a stream of data, dividing the stream of data into 
tWo or more blocks, compressing at least tWo of the tWo or 
more blocks in parallel, and indexing the tWo or more 
blocks. The compressed data may then be stored in a storage 
device. The method may further include dedicated hardWare 
to perform parallel compression of the blocks, and various 
data protection methods, such as error correction methods, 
using recon?gurable hardWare. 

[0012] The present invention and its various embodiments 
are better understood upon consideration of the detailed 
description beloW in conjunction With the accompanying 
draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 illustrates a perspective vieW of an infor 
mation infrastructure including a data storage system and a 
host system; 

[0014] FIG. 2 illustrates a schematic diagram of a basic 
storage system interconnect structure including an exem 
plary ?bre channel compression device; 

[0015] FIG. 3 illustrates a schematic diagram of a storage 
system controller using an exemplary ?bre channel com 
pression device; 
[0016] FIG. 4 illustrates a block diagram of an exemplary 
?bre channel compression apparatus and method; and 

[0017] FIG. 5 illustrates a block diagram of an exemplary 
?bre channel compression apparatus and method. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The following description is presented to enable 
any person of ordinary skill in the art to make and use the 
invention. Descriptions of speci?c devices, techniques, and 
applications are provided only as examples. Various modi 
?cations to the examples described herein Will be readily 
apparent to those of ordinary skill in the art, and the general 
principles de?ned herein may be applied to other examples 
and applications Without departing from the spirit and scope 
of the invention. Thus, the present invention is not intended 
to be limited to the examples described herein and shoWn, 
but is to be accorded the scope consistent With the appended 
claims. 

[0019] In the following description, an exemplary com 
pression device is disclosed that provides a hardWare com 
pression scheme that may increase the performance and 
ef?ciency of a storage system, and speci?cally, emulated 
storage tape systems, e.g., magnetic tape libraries or the like. 
The exemplary compression device includes parallel com 
pression hardWare that is con?gured to compress portions or 
blocks of the incoming data in parallel before storing the 
compressed portions of the incoming data. An index asso 
ciated With the incoming order of the blocks of data is 
created and output to a main memory as a contiguous stream 
of compressed data. The exemplary compression device and 
method may increase the capacity of the storage system as 
Well as increase the speed or throughput of the storage 
system by compressing the data in parallel. For example, the 
exemplary compression device may virtually exceed effec 
tive bandWidth betWeen a host computer and appliances (and 
betWeen sub-appliances) by compressing the data before 
transmission thereby increasing the performance of a storage 
system. 
[0020] As described beloW, the exemplary compression 
device may include an adapter coupled to a controller of a 
disk based or hard drive storage system. In one example, the 
compression device is integral With the controller, e.g., on 
the controller motherboard, for a disk or hard drive based 
storage system. Alternatively, the compression device may 
include a separate device or card that may provide a host 
interface and compression functions such that an off the 
shelf motherboard may be used. The compression device 
may further include data protection techniques such as Error 
Correction Codes (ECC), Cyclic Redundancy Codes (CRC), 
encryption, and the like. 

[0021] Additionally, various applications including an 
exemplary compression device may include the folloWing 
features alone or in combination. The compression device 
may provide for Fibre channel, Ethernet, internet small 
computer system interface (iSCSI), and other host bus (box 
to box) interfaces; hardWare data compression, ECC, CRC, 
and data encryption for additional data protection; high 
speed dual ported memory and bridge capabilities betWeen 
private high-speed local bus and main controller high-speed 
local bus; enhanced emulation functions that include storage 
device emulation, library emulation and visualiZation, con 
troller-to-controller coherency, and cache backup for fail 
over; I/O acceleration/performance that scales With the 
number of adapters in the controller; and for additional host 
interfaces via a meZZanine card. 

[0022] FIG. 1 illustrates a block diagram of an exemplary 
information infrastructure 10 With one or more host com 
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puters 20 in communication With one or more primary 
storage units 40 and emulated tape system 50 through 
storage netWork 30. Although exemplary information infra 
structure 10 is depicted as having four host computers 20, 
tWo primary storage units 40, and one emulated tape system 
50 it should be recogniZed that exemplary information 
infrastructure 10 can include any number of host computers 
20, any number of storage units 40, and any number of 
emulated tape systems 50. Additionally, it should be recog 
niZed that exemplary information infrastructure 10 can 
include feWer or additional components than those depicted 
in FIG. 1. 

[0023] Host computers 20, primary storage locations 40, 
and emulated tape systems 50 can be connected directly 
such as using parallel small computer system interface 
(SCSI), integrated device electronics (IDE), and the like. 
Alternatively or additionally, host computers 20, storage 
units 40, and emulated tape systems 50 can be connected 
through a netWork topology such as ?ber channel, Ethernet, 
and the like. If multiple storage units 40 are used, they may 
be daisy-chained together to increase capacity. 

[0024] Host computers 20 may include various types of 
computers and computer systems such as personal comput 
ers, personal digital assistants, Web-enabled appliances, cell 
phones, and the like, or any combination thereof. A host 
computer 20 may also be a server. Moreover, When exem 
plary information infrastructure 10 includes multiple serv 
ers, the servers may communicate through a client netWork. 
The servers may include various types of servers such as 
those based on the Unix, Linux, or Microsoft WindoWs 
operating systems, and the like, or a combination thereof. 
The client netWork may include any type of netWork such as 
the Internet, a corporate intranet, a Wide area netWork, a 
local area netWork, a Wireless netWork, and the like, or any 
combination thereof. 

[0025] Primary storage unit 40 may be arranged in a 
number of different types of con?gurations such as a storage 
array netWork (SAN), netWork attached storage (NAS), 
direct attached storage, and the like. In other examples, the 
storage netWork 30 may reside in the chassis or cabinet of 
servers, stand alone storage devices, and the like, or a 
combination thereof. 

[0026] Emulated tape systems 50 may include various 
types of devices capable of storing data such as rack mount 
servers connected to loW cost disk arrays or custom inte 
grated hardWare systems and the like. In one exemplary 
embodiment, an emulated tape system 50 may include a 
plurality of hard drives or disks con?gured to emulate a 
storage tape drive system. For a more detailed description of 
an exemplary storage unit con?gured to emulate a storage 
tape drive system, see US. patent application Ser. No. 
10/072,437 entitled EMULATED BACKUP TAPE DRIVE 
USING DATA COMPRESSION, ?led on Feb. 5, 2002, and 
US. patent application Ser. No. 10/072,527 entitled STOR 
AGE SYSTEM UTILIZING AN ACTIVE SUBSET OF 
DRIVES DURING DATA STORAGE AND RETRIEVAL 
OPERATIONS, ?led on Feb. 5, 2002, both of Which are 
incorporated herein by reference in their entirety as if fully 
set forth herein. 

[0027] FIG. 2 illustrates a block diagram of an emulated 
tape system 50 including a controller 110 and a relatively 
loW cost disk array 52, for example. If multiple loW cost disk 
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array units 52 are used, they may also be daisy-chained 
together to increase capacity. In one example, controller 110 
receives a stream of data from a host computer or the like to 
store data on storage unit 52, and retrieves data from storage 
unit 52 to send to a host computer or the like. As Will be 
described beloW, in one example, the stream of data from the 
host computer is compressed using a compression device 
100. Additionally, as Will be described beloW, in one 
example, controller 110 emulates a storage tape device by 
receiving, compressing, and outputting sequential streams of 
data similar to that of a storage tape device. 

[0028] In the exemplary embodiment depicted in FIG. 2, 
storage unit 52 is a RAID 24 Drive 3U. HoWever, as noted 
above, storage unit 52 may include any suitable storage 
device such as an Advanced Technology Attachment (ATA) 
based RAID Array, Serial ATA (SATA) based RAID Array, 
Just a Bunch of Disks (JBOD) storage array, and the like. 

[0029] Additionally, in the exemplary system depicted in 
FIG. 2, controller 110 communicates With storage netWork 
30 through a hardWare bus adapter (HBA) 114 and SCSI 
connection 122 or the like. Controller 110 is also coupled to 
a ?bre cable (FC) fabric 130 or other netWork through 
connection 120. Various other connections are possible and 
contemplated. 
[0030] It should be recogniZed that controller 110 and 
storage unit 52 may include various additional components 
such as connectors and ports. For example, connectors such 
as Ethernet connectors 116, 117 and serial connectors 118, 
119 may be included. Additionally, it should be recogniZed 
that controller 110 and storage unit 52 may include feWer 
components than those depicted in FIG. 2. 

[0031] In the exemplary system depicted in FIG. 2, com 
pression device 100 may be coupled With an “off the shelf” 
controller 110 as an adapter to the controller 110 such as a 
SuperMicro XSDLS-GG Motherboard, Intel® SE7500WV2 
and SE7501WV2 Westville II Server Boards, and the like, or 
be included on controller 100, e.g., as part of the controller 
110 motherboard. It should also be recogniZed that com 
pression device 100 may be “off-board,” meaning that 
compression device 100 is not located on the same board as 
controller 110. For example, FIG. 3 illustrates a block 
diagram of an exemplary compression device 100 that is 
located separately from controller 110. More particularly, 
compression device 100 is depicted as being located on a 
?ber channel compression adapter board and controller 110 
is depicted as being located on a controller motherboard. 
Additionally, exemplary compression device 100 may be 
located in a host computer 20 (see FIG. 1). 

[0032] In the exemplary embodiment depicted in FIG. 3, 
controller 110 includes a memory I/O Hub 312 in commu 
nication With a main memory 314, a Peripheral Component 
Interconnect (PCI) 316, and a processor 318. In the present 
exemplary embodiment, PCI 316 is depicted as being a 
P64H2 2 PCI PIER. Additionally, processor 318 is depicted 
as being an Intel Xeon processor. It should be recogniZed, 
hoWever, that these particular elements are illustrative only 
and various types of PCIs and processors can be used. 
Additionally, it should be recogniZed that controller 110 can 
include feWer or additional components than those depicted 
in FIG. 3. 

[0033] When storing data, controller 110 processes incom 
ing data sequences from a host computer and outputs the 
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data through PCI 316 to a Host Bus Adapter (HBA) 320, 
Which is connected to a storage device such as a RAID. It 
should be recogniZed that HBA 320 may be a component 
Within or in communication With controller 110 depending 
on the particular application and design considerations. 
When retrieving data, controller 110 receives instructions 
from a host computer, accesses a storage device, retrieves 
the data from the storage device, and transmits the data to the 
host computer that requested the data. 

[0034] In the exemplary embodiment depicted in FIG. 3, 
compression device 100 includes a ?ber channel interface 
302, a memory buffer 304, and an optional interface 306, 
Which may include but is not limited to a SCSI, iSCSI, or PC 
interface. In this instance, compression device 100 commu 
nicates With controller 110 via PCI 316. It should be 
recogniZed that compression device 100 can include feWer 
or additional components than those depicted in FIG. 3. 

[0035] In one exemplary method of storing data, compres 
sion device 100 compresses data received by controller 110 
from the host computer before storing the data in a storage 
unit. When retrieving data, compression device 100 decom 
presses the previously compressed data retrieved from a 
storage unit by controller 110 before transmitting the decom 
pressed data to a host computer. 

[0036] FIG. 4 illustrates a block diagram of an exemplary 
compression device 400 in greater detail. FIG. 4 includes 
speci?c hardWare and operating aspects as an illustrative 
example and it should be recogniZed that various hardWare 
elements may be included or omitted. The present exem 
plary compression device 400 includes a host data interface 
controller 410, PCI extended (PCI-X) Bus 414, compression 
manager 418, memory bus 422, ?eld programmable gate 
array (FPGA) 430, data buffer memory 434, data bus 438, 
compression hardWare 442, PMC slot 446, and PCI-X bus to 
the server 450. Again, it should be recogniZed by those of 
ordinary skill in the art that compression device 400 may 
include feWer or additional components than those depicted 
in FIG. 4. 

[0037] As described above, during a data storing process, 
data from a host computer enters through host data interface 
controller 410 to be stored on a storage unit. The present 
exemplary controller 410 may include a dual ?bre channel 
(FC) to PCIX controller. Controller 410 may include any 
suitable chip, such as a dual ?bre channel to PCI-X bridge 
IC for active/active fail-over manufactured by Qlogic or the 
like. Adual FC interface is generally desirable to connect to 
a SAN or the like. Further, a dual interface may alloW for 
active/ active failover, throughput, single IC implementation, 
and generally conserves board space. Controller 410 may 
route data to data buffer memory 434 or compression 
manager 418 depending on address. 

[0038] The present exemplary compression device 400 
includes a separate local bus that provides data transfer 
betWeen controller 410 and high-speed dual ported memory. 
The separate local bus alloWs the system to isolate data 
transfers from the main controller local bus thereby improv 
ing performance of the local memory. 

[0039] In the present exemplary embodiment, a stream of 
data, Which is characteristic of data in applications emulat 
ing sequential access storage devices such as tape drives, can 
be compressed using parallel compression devices 442. 
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More particularly, a stream of data can be divided into 
multiple data portions/blocks, and multiple compression 
devices 442 compress the data portions/blocks of the data 
stream in parallel, such as in a ping-pong fashion. 

[0040] HoWever, the resulting compressed data stream of 
data portions/blocks may no longer reside in contiguous 
physical memory due to the unpredictable ef?ciency of 
compression for an arbitrary portion of data. For example, 
one data block/portion may compress more or less than 
another data portion/block. Thus, in the present exemplary 
embodiment, the data portions/blocks of the data stream are 
indexed, for example using a scatter/gather list, based on 
their original sequence before being compressed and stored 
in a storage unit. During a retrieve process, the compressed 
data can then be retrieved from a storage unit and reas 
sembled into a logically contiguous entity using the index 
(e.g., the scatter/gather list). It should be noted that the use 
of compression may also serve as an integrity check of the 
data. For example, there is a high probability of detecting an 
error if the data has been corrupted When the compressed 
data does not decompress to its original siZe. 

[0041] During the data storing process, data protection 
functions may be performed on the data. Exemplary data 
protection functions may include data compression, Error 
Correction Codes (ECCs), Cyclic Redundancy Checks 
(CRCs), data encryption, and the like, or a combination 
thereof. In the present exemplary embodiment, an ECC may 
include a Reed-Solomon encoder/decoder technique. An 
exemplary CRC may include a 32 bit CRC With polynomial: 
X32+X26+X23+X22+X16+X12+X11+X1O+X8+X7+X5+X4+ 
X2+X+1. It should be recogniZed by those skilled in the art 
that other ECC and CRC techniques may be implemented 
and are contemplated. Various data encryption techniques 
may also be employed to protect the data as Will be appre 
ciated by those skilled in the art. 

[0042] In the present exemplary embodiment, data pro 
tection functions are performed using recon?gurable hard 
Ware, such as FPGA 430. In addition to data protection 
functions, FPGA 430 may be programmed to perform vari 
ous additional functions such as those of a dual ported 
memory controller, separate local bus to memory bridge, 
separate local bus to main controller local bus bridge, main 
controller local bus to dual ported memory bridge, private 
local bus arbiter, and the like. One advantage of using a 
FPGA is that the FPGA can be recon?gured/reprogrammed 
in the ?eld, e.g., enhancements may be made as desired. 
FPGA may also be knoWn or referred to in the art as PAL, 
PLA, FPLA, EPLD, CPLD, EEPLD, and LCA. HoWever, it 
should be recogniZed that a non-programmable logic device, 
such as an ASIC, may be used depending on the application. 

[0043] Additionally, in the present exemplary embodi 
ment, the parallel data compression function may be spe 
ci?cally performed using a dedicated compression hardWare 
device. More particularly, in the exemplary embodiment 
depicted in FIG. 4, the parallel data compression function 
described above is performed by dual 9620 compression 
chips manufactured by Hifn, Inc., capable of 160 MB/s 
throughput individually and 320 MB/s combined. It should 
be recogniZed, hoWever, that other devices With different 
speci?cations may be used depending on the particular 
application and desired performance. 
[0044] After data protection functions are performed, the 
processed data, Which in the present exemplary compression 
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device 400 has been compressed as data portions/blocks, is 
then transferred via Direct Memory Access (DMA) into 
either local dual ported memory or main controller memory 
to be stored in a storage unit. As described above, the storage 
unit may include a RAID (ATA or SATA), JBOD storage 
array, and the like. 

[0045] In the present exemplary compression device 400, 
data transfer functions and data protection functions are 
managed and/or performed via a local microprocessor, com 
pression manager 418. Compression manager 418 processes 
interrupts and accumulates a sequence of data from the host 
processor according to program buffer memory 422 and cues 
up compressors 442. Additionally, emulation functions and 
upper level management of single or multiple compression 
adapters may be performed via the controller processor 
residing on the motherboard (see, e.g., FIG. 3). Further, in 
one example a meZZanine card may be included for addi 
tional host interface capability and ?exibility Within the 
system. 

[0046] FIG. 5 illustrates a block diagram of another 
exemplary ?bre channel compression device 500 according 
to another embodiment. FIG. 5 includes speci?c hardWare 
and operating aspects according to one example and is 
similar to FIG. 4. Accordingly, only differences Will be 
discussed. 

[0047] The present exemplary compression device 500 
includes a dual FC to PCIX controller 510, PCI-X Bus 514, 
integrated microprocessor compression manager 518, boot 
?ash 519, internal device port 520, DDR memory bus 522, 
FPGA 530, data buffer memory 534, data bus 538, com 
pression hardWare 542, PMC slot 546, and PCI-X bus to the 
server 550. 

[0048] The bolded dotted arroWs indicated an exemplary 
path of data to and from the host interface to the main 
memory in compression device 500. During a storing pro 
cess, data from a host computer enters through controller 
510 to be stored in a storage unit. The How of data proceeds 
through separate local bus PCI-X Bus 514, controlled by 
compression manager 518 as described above, through 
FPGA 530 and into data buffer memory 534. From data 
buffer memory 534, the data proceeds to dual compression 
ASICs chips included in compression hardWare 542. As 
described above, the data may be divided into multiple data 
portions/blocks and compressed in parallel. The data por 
tions/blocks may be indexed and routed via DMA as a 
sequential series of compressed data into local dual ported 
memory or main controller memory to be stored in a storage 

unit(s). 
[0049] During readout or a storage retrieval process, data 
from the storage unit is retrieved from the storage unit(s), 
decompressed, and reassembled into the original sequential 
stream of data using the index created When storing the data 
blocks. In this manner, compression device 500 may emulate 
a sequential access storage device such as magnetic storage 
tape devices and/or magnetic tape libraries. 

[0050] The above detailed description is provided to illus 
trate exemplary embodiments and is not intended to be 
limiting. It Will be apparent to those skilled in the art that 
numerous modi?cation and variations Within the scope of 
the present invention are possible. For example, various 
hardWare implementations With similar functions Will be 
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recognized and are contemplated. Further, numerous other 
processes not explicitly described herein may be used Within 
the scope of the exemplary methods and structures described 
as Will be recognized by those skilled in the art. 

1. A storage system for storing data emulating a storage 
tape device, comprising: 

a compression device con?gured to associate With a 
controller of at least one storage device, Wherein the 
compression device is adapted to 

receive a sequence of data, 

divide the sequence of data into tWo or more blocks, and 

compress at least tWo of the tWo or more blocks in 
parallel. 

2. The storage system of claim 1, Wherein the at least one 
storage device includes a plurality of storage devices. 

3. The storage system of claim 2, Wherein the plurality of 
storage devices include at least one of a ATA RAID, SATA 
RAID, and JBOD storage arrays. 

4. The storage system of claim 1, Wherein the compres 
sion device is further adapted to generate an index associ 
ated With the tWo or more blocks. 

5. The storage system of claim 1, Wherein the compres 
sion device includes an adapter in communication With the 
controller. 

6. The storage system of claim 1, Wherein the compres 
sion device is included on a common board With the con 
troller. 

7. The storage system of claim 1, Wherein the compres 
sion device includes tWo or more compression devices. 

8. The storage system of claim 1, Wherein the compres 
sion device includes a dual ?bre channel interface. 

9. The storage system of claim 1, Wherein the compres 
sion device includes a separate local bus associated With the 
controller. 

10. The storage system of claim 1, Wherein the compres 
sion device includes recon?gurable hardWare to implement 
at least one of an error correction code, cyclic redundancy 
code, and data encryption on the data. 

11. The storage system of claim 1, Wherein the compres 
sion device may receive a meZZanine card. 

12. The storage system of claim 1, Wherein the compres 
sion device includes a PMC slot. 

13. A method for data storage including storage tape 
device emulation, comprising: 

receiving a stream of data; 

dividing the stream of data into tWo or more blocks; 

compressing at least tWo of the tWo or more blocks in 
parallel; and 

indexing the tWo or more blocks. 
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14. The method of claim 13, further including storing the 
compressed blocks in at least one storage device. 

15. The method of claim 13, further including: 

reassembling the blocks according to the index; 

decompressing the stored blocks; and 

outputting the data as a sequential stream of data. 
16. The method of claim 13, Wherein the data is com 

pressed With a hardWare compression device. 
17. The method of claim 13, Wherein the tWo or more 

blocks are indexed according to an order in Which the stream 
of data is received. 

18. The method of claim 13, Wherein the tWo or more 
blocks are indexed With a scatter/gather list. 

19. The method of claim 13, further including decom 
pressing the data and outputting the decompressed data 
serially according to the index of the data. 

20. The method of claim 13, further including receiving 
the data through a dual ?bre channel interface. 

21. The method of claim 13, further including performing 
at least one of an error correction code, cyclic redundancy 
code, and data encryption on the data. 

22. The method of claim 21, Wherein the at least one of 
an error correction code, cyclic redundancy code, and data 
encryption on the data is performed through hardWare. 

23. The method of claim 21, Wherein the at least one of 
an error correction code, cyclic redundancy code, and data 
encryption on the data is performed through recon?gurable 
hardWare. 

24. A method for data compression With a storage device 
including storage tape emulation, comprising: 

receiving a stream of data from a host; 

dividing the stream of data into tWo or more blocks; 

compressing the tWo or more blocks in parallel; 

indexing the tWo or more blocks; and 

storing the data in a storage device. 
25. The method of claim 24, Wherein the data is com 

pressed With a hardWare compression device. 
26. The method of claim 24, Wherein the tWo or more 

blocks are indexed With a scatter/gather list. 
27. The method of claim 24, further including decom 

pressing the data and outputting the decompressed data 
serially according to the index of the data. 

28. The method of claim 24, further including performing 
at least one of an error correction code, cyclic redundancy 
code, and data encryption on the data. 

29. The method of claim 28, Wherein the at least one of 
an error correction code, cyclic redundancy code, and data 
encryption on the data is performed through hardWare. 

* * * * * 


